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We investigate the D → 4 limit of the D-dimensional Einstein-Gauss-Bonnet gravity, where the
limit is taken with α˜ = (D − 4)α kept fixed and α is the original Gauss-Bonnet coupling. Using
the ADM decomposition in D dimensions, we clarify that the limit is rather subtle and ambiguous
(if not ill-defined) and depends on the way how to regularize the Hamiltonian or/and the equations
of motion. To find a consistent theory in 4 dimensions that is different from general relativity, the
regularization needs to either break (a part of) the diffeomorphism invariance or lead to an extra
degree of freedom, in agreement with the Lovelock theorem. We then propose a consistent theory
of D → 4 Einstein-Gauss-Bonnet gravity with two dynamical degrees of freedom by breaking the
temporal diffeomorphism invariance and argue that, under a number of reasonable assumptions, the
theory is unique up to a choice of a constraint that stems from a temporal gauge condition.
Introduction and summary. Contrary to the com-
mon knowledge based on the Lovelock theorem [1, 2],
a recent paper [3] intended to propose a novel 4-
dimensional covariant gravitational theory with only two
dynamical degrees of freedom (dofs), by taking the D →
4 limit of the Einstein-Gauss-Bonnet (EGB) gravity in
D > 4 dimensions. As is well-known, the Gauss-Bonnet
(GB) term in 4 dimensions is a total derivative and thus
does not contribute to the equations of motion. An in-
triguing idea of [3] is to multiply the GB term by the
factor 1/(D − 4) before taking the limit. It was shown
that, at the level of equations of motion under a concrete
ansatz of the metric, the divergent factor 1/(D − 4) is
canceled by the vanishing GB contributions yielding fi-
nite nontrivial effects. Despite the singular limit, it was
conjectured that the D → 4 limit should have only two
dofs, based on the fact that the number of dofs of the
D-dimensional EGB gravity is D(D − 3)/2.
The original suggestion of the D → 4 EGB gravity is
in explicit contradiction with the common knowledge and
hence came into questions. The papers [4, 5] started with
a direct product D-dimensional spacetime and then took
the limit D → 4. They found well-defined theories which
belong to a class of Horndeski theory [6] but with 2 + 1
dofs, in general. The same results are deduced in [7, 8]
(see also [9]) by adding a counter term in D-dimensions
and then taking the D → 4 limit. The flat spacetime is
infinitely strongly coupled in these theories and another
D → 4 limit without the strong coupling was proposed
by [10] but with 2 + 1 dofs again. In [11] it was shown
at the level of equations of motion that a diffeomorphism
invariant theory cannot be realized (see also [12, 13]).
They all show that there is no manifestly covariant novel
D → 4 EGB gravity with only two dofs, in agreement
with the Lovelock theorem.
According to the Lovelock theorem, if there indeed ex-
ists a novel 4-dimensional theory with two dofs, the only
possibility is that the system cannot be described in a
covariant manner. In other words, (a part of) the 4-
dimensional diffeomorphism invariance should be broken.
The best we can do is, therefore, to keep the invariance
under the 3-dimensional spatial diffeomorphism. In this
article, we thus explore the EGB gravity in D = d + 1
dimensions based on the Arnowitt-Deser-Misner (ADM)
decomposition. Before taking the D → 4 (d → 3) limit,
we regularize the Hamiltonian or/and the equations of
motion in a way that respects the d-dimensional spa-
tial diffeomorphism invariance but not necessarily the
D-dimensional spacetime diffeomorphism invariance. We
first clarify the reasons why the subtleties arise under the
d → 3 limit. Based on the Hamiltonian formalism, we
show that a consistent gravitational theory with two dofs
cannot be realized by the d → 3 limit of the (d + 1)-
dimensional EGB gravity without breaking the temporal
diffeomorphism. In order to obtain a consistent (3 + 1)-
dimensional theory which is different from general rel-
ativity (GR), we need either an additional dof or the
violation of the (temporal) diffeomorphism invariance.
In the light of the minimally modified gravity theories
(MMGs) [14–18], we then propose a consistent theory by
breaking the temporal diffeomorphism invariance. The
theory is defined by the Hamiltonian (21), purely in 3+1
dimensions without need for higher dimensions, and
possesses the following properties: (i) the 3-dimensional
spatial diffeomorphism invariance is respected; (ii) the
number of local physical dofs in the gravity sector is
two; (iii) the theory reduces to GR when α˜ = 0; and
(iv) each term in the corrections to GR is 4th-order in
derivatives. The theory also has the following relation
to the EGB gravity: (v) if the Weyl tensor of the spatial
metric and the Weyl part of KikKjl − KilKjk, where
Kij is the extrinsic curvature, vanish for a solution of
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2the (d + 1)-dimensional EGB gravity, then the d → 3
limit of the solution satisfies the equations of motion
of the (3 + 1)-dimensional theory. We then argue that
the theory is unique up to a choice of a constraint that
stems from a gauge condition, i.e. 3G in (21), if we
assume (i)-(v). Since the GB term in any dimensions
is 4th-order in derivatives and most (if not all) of phe-
nomenological consequences of the original suggestion [3]
are so far based on solutions in which the Weyl tensor
of the 3-dimensional spatial metric and the Weyl part
of KikKjl − KilKjk vanish, the properties (iv) and (v)
make it reasonable to call this theory described by the
Hamiltonian (21) a theory of D → 4 EGB gravity. For a
convenient choice of 3G, we also derive the corresponding
Lagrangian (25).
EGB gravity in D = d + 1 dimensions. The D-
dimensional covariant action of EGB gravity is given by
SEGB =
1
2κ2
∫
dDx
√−g [R− 2Λ + αR2GB] , (1)
R2GB = R2 − 4RµνRµν +RµνρσRµνρσ ,
where gµν is the D-dimensional metric, Rµνρσ is the as-
sociated Riemann curvature tensor, κ is the gravitational
coupling constant and α is the GB coupling. Since the
action has the divergent boundary term under the singu-
lar D → 4 limit after rescaling α = α˜/(D − 4) [19], we
shall first remove the boundary term by the use of the
ADM decomposition.
In the ADM (D = d + 1) decomposition, it is useful
to adopt the Hamiltonian formalism. Following [20], the
total Hamiltonian of the EGB gravity up to a boundary
term is
dHtot =
∫
ddx(NdH0 +N iHi + λ0pi0 + λipii) , (2)
where λ0 and λi are Lagrange multipliers, and
dH0 =
√
γ
2κ2
[
2Λ−M ij ij − α
4
δijklrstuM
rs
ijM
tu
kl
]
,
Hi = −2√γγikDj
(pijk√
γ
)
. (3)
Here, (pi0, pii, pi
ij) are canonical momenta conjugate
to (N , N i, γij), Di is the spatial covariant derivative,
δijklrstu := 4!δ
[i
rδjsδ
k
t δ
l]
u , Mijkl := Rijkl + 2Ki[kKl]j , and Kij
is understood as the solution of
piij =
√
γ
2κ2
[
Kij −Kδij − αδiklrjstuKsk
(
Rtulr +
1
3
KtlK
u
r
)]
.
For d = 3, the GB contributions identically vanish due
to the identity δijklrstu ≡ 0.
Up to linear order in α 1, we obtain
dH0 =
√
γ
2κ2
[
2Λ−Π−R− α
4
δijklrstu
(
RrsijR
tu
kl − 2RrsijΠtukl − 1
3
ΠrsijΠ
tu
kl
)]
+O(α2), (4)
where we have defined
Πijkl := 8κ4
(
p˜ii[k − 1
d− 1γ
i[k[p˜i]
)(
p˜il]j − 1
d− 1γ
l]j [p˜i]
)
, Πij := Π
k
ikj , Π := Π
i
i , (5)
with p˜iij = piij/
√
γ and [p˜i] = γij p˜i
ij . We then replace α with α˜/(d− 3) and split the Hamiltonian into two parts:
dH0 =
dHreg +
dHWeyl ,
dHreg =
∫
ddx(N dHreg +N iHi + λ0pi0 + λipii) , dHWeyl =
∫
ddxN dHWeyl , (6)
where
dHreg :=
√
γ
2κ2
[
2Λ−Π−R+ α˜
{
4
d− 2
(
RijR
ij − 2RijΠij − 1
3
ΠijΠ
ij
)
− d
(
R2 − 2RΠ− 13Π2
)
(d− 2)(d− 1)
}]
+O(α˜2), (7)
dHWeyl := −
√
γ
2κ2
α˜
d− 3
(
WijklW
ijkl − 2WijklΠT ijkl − 1
3
ΠTijklΠ
T ijkl
)
+O(α˜2), (8)
and Wijkl and Π
T
ijkl are irreducible components of the curvature and the tensor Πijkl specified by the traceless
conditions W kikj = 0 = Π
T k
ikj , namely the Weyl pieces. We see that only for these parts, the d → 3 limit is not
clear since it goes as 0/0. We therefore need to regularize these terms in an appropriate manner to define the limit.
1 We shall restrict our consideration to the cases where the GB contributions are of order O(d − 3). For this reason, by “linear
3Number of dofs in d + 1 dimensions. For latter
convenience, here, we count the number of dofs based
on the equations of motion including constraints. The
number of dofs is the half of the necessary number of the
initial conditions to solve the dynamics of the system,
γ˙ij = δ
dHtot/δpi
ij , p˙iij = −δdHtot/δγij ,
N˙ = λ0 , N˙ i = λi , p˙i0 = −dH0 , p˙ii = −Hi , (9)
with the constraints
pi0 ≈ 0 , pii ≈ 0 , H0 ≈ 0 , Hi ≈ 0 . (10)
If we do not take into account the constraints (and
gauge conditions discussed below), we generally require
(d + 1)(d + 2) initial conditions to solve (9). However,
the system has to satisfy the constraints, which reduce
the necessary number of initial conditions. The time
derivative of the constraints (10) can be computed
by the use of the dynamical equations (9) and leads
to consistency conditions. In the EGB gravity, the
consistency conditions of constraints weakly vanish au-
tomatically. This implies that the consistency conditions
would not lead to additional constraints and that the
coefficients (λ0, λi, N,N i) would not be determined
by the basic equations of the system, meaning the
redundancy of description, i.e. the gauge freedom. To
fix the redundancy and to solve the dynamics in terms of
the given variables (without introducing gauge-invariant
variables), we need to impose 2(d + 1) gauge fixing
conditions on variables (N,N i, γij , pi
ij) and consider
them as a part of the constraints, and then we would
have 4(d + 1) constraints in total. As a result, the
necessary number of the initial conditions turns out to
be (d+ 1)(d+ 2)− 4(d+ 1) = (d+ 1)(d− 2) = D(D− 3),
which corresponds to D(D − 3)/2 dofs. This procedure
to count the number of dofs only requires the dynamical
equations (9) and the constraints (10). Once (9) and
(10) are given, we do not need the concepts of the
Hamiltonian and the Poisson bracket.
Subtleties of D → 4 limit. As already pointed out
by literature there are subtleties in the D → 4 (d →
3) limit. In particular, it was shown that taking D →
4 (d→ 3), an extra scalar mode shows up [4, 5, 7, 8, 10]
and also the limit is not unique [4, 5, 10]. These facts
can be understood by the following observation.
The Weyl decomposition used in (6) is particularly use-
ful to manifest the problematic terms under the d → 3
limit. Only the ambiguous part of the Hamiltonian under
the limit would be the Weyl part dHWeyl which generates
order in α”, we actually mean linear order in α˜.
0/0 under the d→ 3 limit. Let us consider a direct prod-
uct d-dimensional space
γijdx
idxj = γabdx
adxb + r2(xa)δABdx
AdxB , (11)
where γab is a 3-dimensional spatial metric and we have
assumed a flat (d − 3)-dimensional fiber for simplicity.
We then obtain
γijRij = γ
abRab +O(d− 3),
RijRij = R
abRab +O(d− 3),
WijklW
ijkl = (d− 3)
(
4RabR
ab − 3
2
(γabRab)
2 + · · ·
)
= O(d− 3) , (12)
which leads to
lim
d→3
∫
ddx
√
γN
(
WijklW
ijkl
d− 3
)
= finite , (13)
where · · · in (12) represents terms depending on ∂ar,
and similar relations hold for other two terms in (8).
The expressions (12) suggest that, whereas the (d − 3)-
dimensional part does not contribute to dHreg in the
d → 3 limit, the dependence on the (d − 3)-dimensional
space survives through dHWeyl. The d → 3 limit of (8)
depends on the specific form of the (d − 3)-dimensional
metric and thus the d → 3 limit is not unique. Note
that, as seen in (8), we should be careful of not only the
Weyl tensor but also the other Weyl piece ΠTijkl. There
is ambiguity of the d→ 3 limit coming from the (d− 3)-
dimensional part of the canonical momentum as well.
We then return to generic (d + 1)-dimensional space-
time. We need to determine the procedure of the limit
to “define” the D → 4 EGB theory because the limit
is not unique. Except the Weyl part dHWeyl, we may
naturally define the d → 3 limit by identifying the d-
dimensional tensors with the 3-dimensional ones. As
stated, the D → 4 theory depends on how to regular-
ize the Weyl terms. Since the finite contribution of (13)
arises from the (d− 3)-dimensional part, the d→ 3 limit
with non-vanishing Weyl terms generically implies exis-
tence of an additional dof; for instance, kinetic terms of
r(x) survives after taking the limit from the direct prod-
uct space (11), and the resultant D → 4 EGB gravity
has a scalar dof as shown by [4, 5, 10].
Motivated by the specific ansatz (12), a possible limit
of the Weyl term (13) without information of (d − 3)-
dimensional part would be
∫
d3x
√
γN(4RijR
ij−3R2/2).
However, if we further assume the 4-dimensional dif-
feomorphism invariance then this limit concludes that
dHWeyl cancels the GB contribution in
dHreg. The resul-
tant theory is nothing but GR.
Therefore, a natural possibility to have a novel theory
with two dofs is the following d→ 3 limit: we first impose
all Weyl pieces to vanish and then take the d→ 3 limit by
identifying all d-dimensional tensors with 3-dimensional
4ones. This way, we can practically take the d → 3 limit
not only for a functional but also for tensors.
However, there still exists an ambiguity to define the
d→ 3 theory as we have two options: 1) we take the d→
3 limit of the Hamiltonian and then derive the (3 + 1)-
dimensional Hamilton equations, or 2) we first derive the
Hamiltonian equations in d+1 dimensions and then take
the d → 3 limit. The resultant theories do not coincide
because the limit and the (functional) derivative do not
commute, in general. To see this fact explicitly, by our
definition, the d→ 3 limit of the Weyl square term is
lim
d→3
∫
ddx
√
γ N
(
WijklW
ijkl
d− 3
)
= 0 , (14)
but the variation of it (before the limit) is
δ
∫
ddx
√
γN
(
WijklW
ijkl
d− 3
)
= 4
∫
ddx
√
γ
(
2DkN +NDk
)(DlW kjil
d− 3
)
δγij
+ terms include Weyl tensor itself ,
where we have only shown the terms that include spatial
derivative of the Weyl tensor. Using (d − 2)DlW kjil =
−(d−3)Cijk, where Cijk is the Cotton tensor, and taking
the d→ 3 limit, we find a finite contribution
lim
d→3
δ
∫
ddx
√
γN
(
WijklW
ijkl
d− 3
)
= −4
∫
d3x
√
γ
(
2DkN +NDk
)
Cijkδγij . (15)
We thus discuss these two possibilities in order.
No covariant D → 4 EGB with two dofs. Let us
now study the first possibility, namely the d→ 3 limit at
the level of the Hamiltonian. The 3-dimensional Hamil-
tonian is given by
3Htot =
∫
d3x(N 3H0 +N iHi + λ0pi0 + λipii) , (16)
where 3H0 = limd→3 dHreg and Hi takes the standard
form. Since we know the explicit form of the Hamilto-
nian, we can straightforwardly count the number of dofs.
We find {3H0(x), 3H0(y)} does not weakly vanish atO(α˜),
which shows that the temporal diffeomorphism invari-
ance is broken. Other constraints Hi ≈ 0, pi0 ≈ 0, pii ≈ 0
clearly commute with 3H0. Hence, the situation does not
change even if we consider a linear combination of the
constraints.
We then consider the d → 3 limit of the Hamilton
equations. The (3 + 1)-dimensional dynamical equations
are
γ˙ij =
3Fij , p˙i
ij = 3Gij = 3G¯ij + 3δGij ,
N˙ = λ0 , N˙ i = λi , p˙i0 = −3H0 , p˙ii = −Hi , (17)
where 3Fij = δ
3Htot/δpi
ij , 3G¯ij = −δ3Htot/δγij and
3δGij =
α˜
2κ2
[
4
(
2DkN +NDk
)
Cijk (18)
+
16κ8
3
N
{
−4
3
p˜iij
(
5[p˜i3]− 3[p˜i][p˜i2])+ 12p˜i4ij − 8p˜i3ij [p˜i]
+
2
3
γij
(−[p˜i]4 − 3[p˜i2]2 + 3[p˜i]2[p˜i2] + [p˜i][p˜i3])}]+O(α˜2),
with p˜inij = p˜iii1 p˜i
i1
i2
· · · p˜iinj and [p˜in] = p˜inijγij2. Due to
the term 3δGij , this system is clearly inequivalent to the
former case. The constraints are
pi0 ≈ 0 , pii ≈ 0 , 3H0 ≈ 0 , Hi ≈ 0 . (19)
The time derivative of the Hamiltonian constraint 3H0 ≈
0 is now computed by the chain rule,
˙3H0(x) =
∫
d3z
[
δ3H0(x)
δγij(z)
3Fij(z) +
δ3H0(x)
δpiij(z)
3Gij(z)
]
.
We then find that ˙3H0 does not weakly vanish at O(α˜),
meaning that the temporal diffeomorphism invariance is
broken again.
We also comment on another subtlety in the second ap-
proach. If there exists a Hamilton functional that repro-
duces the equations (17), the functions 3Fij and
3Gij must
satisfy the integrability conditions δ3Fij(x)/δpi
kl(y) =
δ3Fkl(y)/δpi
ij(x), δ3Fij(x)/δγkl(y) = δ
3Gkl(y)/δpiij(x),
δ3Gij(x)/δγkl(y) = δ
3Gkl(y)/δγij(x). These conditions
do not hold for 3Fij and
3Gij , meaning that the set of
equations (17) does not define a Hamiltonian flow for the
given set of variables.
In summary, we cannot obtain a covariant D → 4 EGB
gravity with two dofs when we impose the Weyl pieces
to vanish. Although one may define the right-hand-side
of (13) by a finite quantity, it implies that this finite
quantity has information about the (d − 3)-dimensional
space and then the resultant theory must have an addi-
tional dof since · · · in (12) and corresponding parts for
the other two terms in (8) contain the kinetic term of r.
We therefore need to introduce either an additional dof
or violation of the (temporal) diffeomorphism invariance
to obtain a novel 4-dimensional EGB gravity. This
conclusion is consistent with the Lovelock theorem.
A consistent D → 4 EGB with two dofs. When
one renounces the temporal diffeomorphism invariance,
one can obtain gravitational theories with two dofs,
2 We have vanished the terms proportional to Wijkl,Π
T
ijkl and
DiΠTijkl with the α˜/(d − 3) coefficients before the limd→3 limit
in order to obtain 3δGij .
5dubbed MMGs [14–18] (see also the cuscuton theories
[21, 22]). A consistent D → 4 EGB gravity with two
dofs can be formulated in the framework of MMGs.
Since the equations of motion of the D → 4 EGB grav-
ity have not been obtained, the “solutions” of the D → 4
EGB gravity so far were found by the D → 4 limit of the
solutions of the D-dimensional EGB gravity [3]. Due to
the D-dimensional diffeomorphism invariance, at least lo-
cally, any solutions of (2) are solutions of the gauge-fixed
Hamiltonian,
dH ′tot =
dHtot +
∫
ddxλGF
dG(γij , piij) . (20)
Here, the gauge-fixing term is defined by the require-
ment that {dH(x), dG(y)} does not have a non-trivial ker-
nel as well as {Hi(x), dG(y)} ≈ 0, {pi0(x), dG(y)} ≈ 0 and
{pii(x), dG(y)} ≈ 0, i.e. we have only fixed the tempo-
ral gauge. We then take the d → 3 limit of the gauge-
fixed Hamiltonian3, dropping the Weyl pieces and keep-
ing limd→3 dG as a constraint.
The theory constructed in this way is defined purely
in 3 + 1 dimensions by the Hamiltonian,
H4DEGB =
∫
d3x(N3H0 +N iHi + λ0pi0 + λipii + λGF3G) ,
3H0 =
√
γ
2κ2
[
2Λ−M+ α˜
(
4MijMij − 3
2
M2
)]
,
Hi = −2√γγikDj
(pijk√
γ
)
, (21)
where Mij := Rij + KkkKij − KikKkj , M := Mii, Kij is
understood as the solution of
piij =
√
γ
2κ2
[
Kij −Kδij −
8
3
α˜δikljrsKrk (22)
×
(
Rsl −
1
4
δslR+
1
2
(Msl − 14δslM))],
with δijkrst := 3!δ
[i
rδjsδ
k]
t , and the constraint
3G is required
to satisfy the condition that {3H0(x), 3G(y)} does not
have a non-trivial kernel as well as {Hi(x), 3G(y)} ≈ 0,
{pi0(x), 3G(y)} ≈ 0 and {pii(x), 3G(y)} ≈ 0.
It is easy to see that the system described by the
Hamiltonian (21) has the properties (i)-(v) listed in the
introduction and summary section. Since the momen-
tum constraints are first-class and satisfy the standard
algebra, (i) holds. Since there are enough number of the
constraints, i.e. 6 first-class constraints
pii ≈ 0 , Hi ≈ 0 , (23)
3 One may take the d → 3 limit at the level of gauge-fixed equa-
tions of motion; however, the d→ 3 limit of the equations would
not satisfy the integrability conditions, similarly to the case with-
out the gauge-fixing.
and 2× 2 second-class constraints
pi0 ≈ 0 , 3H0 ≈ 0 , 3G ≈ 0 , 3˙G ≈ 0 , (24)
(ii) also holds. From the form of the Hamiltonian (21),
(iii) and (iv) are obvious. Finally, the construction of the
Hamiltonian ensures that (v) also holds. The Hamilto-
nian (21) can thus be interpreted as a consistent D → 4
EGB gravity with two dofs.
If we demand (i)-(iii) but not (iv)-(v) then one can add
arbitrary N - and N i-independent, spatial scalar density
to the α˜ part of 3H0, as far as the constraint 3G satis-
fies the above mentioned conditions. Since the confor-
mal flatness is characterized by vanishing Weyl tensor in
d > 3 dimensions and by vanishing Cotton tensor in 3 di-
mensions, (v) then restricts possible additional terms in
the α˜ part of 3H0 to polynomials of the Cotton tensor and
its covariant spatial derivatives. Since such polynomials
are six order or higher in derivatives, they are excluded
by (iv). In summary, if we demand (i)-(v) then the only
possible Hamiltonian is (21) up to the choice of 3G.
In this framework, the constraint 3G ≈ 0 is a part of
the definition of the theory. Hence, the D → 4 EGB
gravity satisfying (i)-(v) is unique only up to the choice
of 3G(γij , piij). The theory does not enjoy the full diffeo-
morphism invariance but is invariant under spatial dif-
feomorphism.
A useful choice compatible with cosmology and static
configurations is 3G = √γD2[p˜i] [23]. Adopting this
choice and performing the Legendre transformation, we
obtain the Lagrangian density that corresponds to (21),
L4DEGB =
1
2κ2
(−2Λ +KijKij −KiiKjj +R+ α˜R24DGB) ,
R24DGB = −
4
3
(
8RijR
ij − 4RijMij −MijMij
)
+
1
2
(
8R2 − 4RM−M2) , (25)
where Kij is given by Kij = Kij − 12N γijD2λGF =
1
2N (γ˙ij − 2D(iNj) − γijD2λGF).4 The condition (v)
ensures that the d→ 3 limit of the solutions of the (d+1)-
dimensional EGB gravity with a conformally flat spatial
metric and a vanishing Weyl part of KikKjl − KilKjk
are also solutions of the (3 + 1)-dimensional theory,
either (21) or (25), provided that a gauge condition
dG ≈ 0 satisfying limd→3 dG = 3G is imposed while
taking the limit. In particular the FLRW and black
hole solutions that were found in [3] are solutions of
the (3 + 1)-dimensional theory that we have defined
here as can be checked explicitly. On the other hand,
4 Even when R24DGB is replaced with a spatial scalar function
f(γij , Rij ,Kij , Di), the theory still satisfies the conditions (i),
(ii) and (iii), in general. The conditions (iv) and (v) determines
the form of f .
6the d → 3 limits of other types of (d + 1)-dimensional
solutions are not guaranteed to be solutions of the
(3 + 1)-dimensional theory. While the scalar-tensor
description of the D → 4 EGB gravity in the literature
suffers from infinite strong coupling around the FLRW
solution [5], our theory of the D → 4 EGB gravity is
free from such a pathology and can consistently describe
physics around the FLRW background since the number
of dofs is two at nonlinear orders. Therefore one should
use (21) or (25) to validate the FLRW and black hole
solutions in [3]. We leave the analysis of rotating black
holes, cosmological perturbations and quasi-normal
modes to future works.
Acknowledgments. K.A. and M.A.G. acknowledge
the xTras package [24] which was used for tensorial cal-
culations. The work of K.A. was supported in part by
Grants-in-Aid from the Scientific Research Fund of the
Japan Society for the Promotion of Science, No. 19J00895
and No. 20K14468. The work of M.A.G. was supported
by Japan Society for the Promotion of Science Grants-in-
Aid for international research fellow No. 19F19313. The
work of S.M. was supported by Japan Society for the Pro-
motion of Science Grants-in-Aid for Scientific Research
No. 17H02890, No. 17H06359, and by World Premier In-
ternational Research Center Initiative, MEXT, Japan.
∗ katsuki.aoki@yukawa.kyoto-u.ac.jp
† gorji@yukawa.kyoto-u.ac.jp
‡ shinji.mukohyama@yukawa.kyoto-u.ac.jp
[1] D. Lovelock, J. Math. Phys. 12, 498 (1971).
[2] D. Lovelock, J. Math. Phys. 13, 874 (1972).
[3] D. z. Glavan and C. Lin, Phys. Rev. Lett. 124, 081301
(2020), arXiv:1905.03601 [gr-qc].
[4] H. Lu and Y. Pang, (2020), arXiv:2003.11552 [gr-qc].
[5] T. Kobayashi, (2020), arXiv:2003.12771 [gr-qc].
[6] G. W. Horndeski, Int. J. Theor. Phys. 10, 363 (1974).
[7] P. G. S. Fernandes, P. Carrilho, T. Clifton, and D. J.
Mulryne, (2020), arXiv:2004.08362 [gr-qc].
[8] R. A. Hennigar, D. Kubiznak, R. B. Mann, and C. Pol-
lack, (2020), arXiv:2004.09472 [gr-qc].
[9] R. B. Mann and S. Ross, Class. Quant. Grav. 10, 1405
(1993), arXiv:gr-qc/9208004.
[10] J. Bonifacio, K. Hinterbichler, and L. A. Johnson,
(2020), arXiv:2004.10716 [hep-th].
[11] M. Gurses, T. C. Sisman, and B. Tekin, (2020),
arXiv:2004.03390 [gr-qc].
[12] W.-Y. Ai, (2020), arXiv:2004.02858 [gr-qc].
[13] S. Mahapatra, (2020), arXiv:2004.09214 [gr-qc].
[14] A. De Felice and S. Mukohyama, Phys. Lett. B 752, 302
(2016), arXiv:1506.01594 [hep-th].
[15] C. Lin and S. Mukohyama, JCAP 10, 033 (2017),
arXiv:1708.03757 [gr-qc].
[16] K. Aoki, C. Lin, and S. Mukohyama, Phys. Rev. D 98,
044022 (2018), arXiv:1804.03902 [gr-qc].
[17] S. Mukohyama and K. Noui, JCAP 07, 049 (2019),
arXiv:1905.02000 [gr-qc].
[18] A. De Felice, A. Doll, and S. Mukohyama, (2020),
arXiv:2004.12549 [gr-qc].
[19] R. C. Myers, Phys. Rev. D36, 392 (1987).
[20] C. Teitelboim and J. Zanelli, Class. Quant. Grav. 4, L125
(1987).
[21] N. Afshordi, D. J. Chung, and G. Geshnizjani, Phys.
Rev. D 75, 083513 (2007), arXiv:hep-th/0609150.
[22] A. Iyonaga, K. Takahashi, and T. Kobayashi, JCAP 12,
002 (2018), arXiv:1809.10935 [gr-qc].
[23] K. Aoki, A. De Felice, C. Lin, S. Mukohyama, and
M. Oliosi, JCAP 01, 017 (2019), arXiv:1810.01047 [gr-
qc].
[24] T. Nutma, Comput. Phys. Commun. 185, 1719 (2014),
arXiv:1308.3493 [cs.SC].
